During gradient purification of herpes simplex virus type 1 (HSV-1) two bands of particles were observed: a sharp lower band and a more diffuse upper band. The lower band contained almost exclusively HSV-1 virions (H particles) whereas the upper band consisted of membrane-enclosed particles (L particles). These L particles resembled the virions in appearance, but lacked the viral nucleocapsid and were not infectious. Many polypeptides of the viral envelope and the tegument were common to both types of particles. The H particles had polypeptide profiles typical of HSV virions. The L particles contained at least three phosphoproteins (175K, 92K and 55K) and a further two phosphorylated polypeptides not normally observed in virion profiles which comigrated with the 134K and 60K glycoproteins. This clearly indicates that the novel L particles were not merely virions which had formed without the inclusion of a nucleocapsid or virions which had subsequently lost their nucleocapsid during preparative handling. Thus these novel L particles are genuine products of the infectious processes occurring when HSV-1 replicates.
Introduction
Herpes simplex virus type 1 (HSV-1) has been previously purified either from the cytoplasm of infected cells (Spear & Roizman, 1972; Heine et al., 1974; Cassai et al., 1975) or from the culture medium of such cells (Powell & Watson, 1975; Compton & Courtney, 1984) .
The purified virions consist of four distinct morphological components: the core containing the DNA, the icosahedral capsid that encloses the core, the envelope with glycoprotein projections on its surface and the tegument, an amorphous electron-dense material located between the capsid and the envelope (Roizman & Furlong, 1974; Wildy, 1986; Roizman & Sears, 1990) . In this article we refer to the structure consisting of the core with the DNA and its surrounding capsid as the 'nucleocapsid', which is almost certainly the C-type capsid isolated from intracellular virions (Gibson & Roizman, 1972) .
Over 30 distinct structural polypeptides have been identified in the purified virions (Spear & Roizman, 1972; Heine et al., 1974; Cassai et al., 1975; Powell & Watson, 1975; Marsden et al., 1976; Frame et al., 1986a, b) and several of these have been shown to be phosphorylated (Gibson & Roizman, 1974) . Studies of the viral glycoprotein have established that gB, gC, gD, gE, gG and gH are components of the virion (Heine et al., 1974; Spear, 1976; Paraetal., 1980; Balachandran & 0000-9899 © 1991 SGM Hutt-Fletcher, 1985 Frame et al., 1986a; Olofsson et al., 1986; Richman et al., 1986; Stannard et al., 1987) .
Here we describe a simple and efficient method of virus purification which is generally applicable to enveloped animal viruses belonging to the Bunyaviridae, Rhabdoviridae, Orthomyxoviridae, Paramyxoviridae and Herpesviridae. The essential feature of purification was to maintain the virions in culture medium throughout the purification, thus minimizing the effects of changes in osmolarity. During purification of HSV-1 we observed two bands in Ficoll gradients: a sharp lower band containing virions (H particles), and an upper band containing lighter (L) particles. In this communication we describe the main characteristics of these L particles as compared with the virions.
Methods
Virus strain. HSV-1 strain 17 (Brown et al., 1973) was obtained from the elite stocks held in our Institute.
Growing and labelling virus particles.
Monolayers of BHK-21 C t 3 ceils in roller bottles were infected with very low numbers of gradientpurified HSV-1 strain 17 virions (approximately 1 p.f.u./105 cells) suspended in 40 ml of culture medium (Eagle's medium containing 2~ calf serum; Macpherson & Stoker, 1962) . After incubation at 31 °C for 3 days, when most of the cells were deemed to be productively infected, the medium was replaced with 40 ml of fresh culture medium, and incubation continued for a further 48 h, by which time marked c.p.e. was observed. To label the phosphoproteins, the medium was changed three days post-infection to culture medium containing only 1% of its usual concentration of phosphates and 7 h later [32p]orthophosphate (37 MBq/bottle) was added and incubation continued for a further 41 h.
Purification of virus particles. The essential feature of the purificat!on of extracellular virus particles was to maintain constant osmolarity throughout the purification by always suspending the particles in the modified medium (described below) and using osmotically inert Ficoll for gradient centrifugation.
Thus, after 5 days of incubation the media from four roller bottles were combined, cell debris was removed by low speed centrifugation (1000 g for 30 rain at 4 °C), and the virus particles in the clarified medium were pelleted by centrifugation (23000 g for 2 h at 4 °C). Then the pellet was gently resuspended in 1 ml of modified medium (culture medium without phenol red and calf serum) and layered on a 35 ml preformed gradient of 5 to 15% Ficoll 400 (Sigma) suspended in this medium. After centrifugation using a swing-out rotor (26000g for 2 h at 4 °C) the two well separated particle bands were individually withdrawn by side punctures. Finally the particles constituting these bands were pelleted by centrifugation (80000 g for 2 h at 4 °C), gently resuspended in 200 p.1 modified medium and either used immediately or stored at -70 °C.
Analysis of virus particles. The amounts of radioactively labelled materials in the particles were estimated by scintillation spectrophotometry using 2 ~tl samples from the 200 Ixl final suspensions.
The amount of protein in the particles were determined by the method of Lowry et al. (1951) using bovine serum albumin as a standard.
Titration of virus particles. Serial dilutions of the virus particles were made with the modified medium. Monolayers of BHK-21 C 13 cells (in 35 mm Petri dishes) were infected with 1 ml aliquots of the serially diluted particles and after 1 h incubation at 31 °C the inoculum was removed, 3 ml of solid overlay medium (culture medium without phenol red but containing 2.8 % calf serum and 0.625 % agarose; agarose type HSA, Park Scientific) was added and after solidification of the medium at room temperature (approximately 1 h) the dishes were incubated at 31 °C for 4 days. Finally the cultures were fixed with Cidex (4 h at room temperature) and then stained with Giemsa stain.
Particle counts. Virus suspensions were mixed with equal volumes of a 1% solution of sodium silicotungstate and a suspension of latex beads (1.43 x 1011 particles/ml). A droplet of this suspension was placed on an electron microscope grid and after 5 min, to allow the particles to settle, the excess suspension was removed and the particles were counted under the electron microscope.
Electron microscopy of particles. Virus particles were fixed by mixing suspensions with equal volumes of an 8% formaldehyde solution (freshly made up in the modified medium) and leaving them at room temperature for 10 rain. The fixed particles were then negatively stained by the addition of equal volumes of 1% sodium silicotungstate and examined under the electron microscope.
PAGE analysis of polypeptides. Discontinuous SDS-polyacrylamide
slab gels cross-linked with diallyltartardiamide (DATD; Spath & Koblet, 1979) were used as described by Ongr/tdi et al. (1985) . The separating gels contained 10, 12, 15 or 18% polyacrylamide, and the ratio of polyacrylamide to DATD was 100:1.75. 
Results

Separation o f the H and L particles
D u r i n g the purification of HSV-1, Ficoll g r a d i e n t c e n t r i f u g a t i o n separated a diffuse u p p e r b a n d a n d a sharp, well defined lower b a n d (Fig. 1 a) . T h e positions of the b a n d s suggested significant differences in the densities of the particles in these b a n d s a n d for this reason they were d e s i g n a t e d light (L) a n d heavy (H).
T h e particles from the two b a n d s were w i t h d r a w n a n d re-centrifuged separately in order to study their s e d i m e nt a t i o n characteristics ( Fig. 1 b a n d c) . T h e sharpness of the lower b a n d suggested that the H particles constituting this b a n d were h o m o g e n e o u s (Fig. l b) . T h e L particles from the u p p e r b a n d also m i g r a t e d as a well defined though s o m e w h a t wider b a n d , i n d i c a t i n g that these particles were distinct b u t s o m e w h a t less h o m o g e neous t h a n the H particles (Fig. 1 c) . O n e or two fainter b a n d s discernible below the H b a n d (Fig. 1 b) p r e s u mably represent f r a g m e n t s of the H particles generated d u r i n g pelleting a n d r e s u s p e n s i o n prior to re-centrifugation, w h i c h would suggest fragility of these particles.
Electron microscopy
T h e particles were fixed with f o r m a l d e h y d e prior to Non-infectious HSV-related particle negative staining with sodium silicotungstate to preserve their structural integrity (Fig. 2) .
After fixation the H particles could be clearly identified as typical HSV virions, since they consist of an outer membrane, an icosahedral nucleocapsid and the electron-dense tegument between the membrane and the nucleocapsid (a). The formaldehyde-treated particles have clearly visible spikes on the outer membrane (a). The shape of the virions indicates that in their natural state they are spherical, as has been shown previously by cryo-electron microscopy of virions purified by the method described in this paper (Schrag et al., 1989) .
After formaldehyde treatment the negatively stained L particles appeared to be virus-like entities without a nucleocapsid since they consist of an outer membrane (with surface projections) enclosing uniform granular material with no discernible internal structure (b). They were not as regular in size as virions, which may explain why they formed a wider band in the Ficoll gradient. Virions were only occasionally observed in the L particle preparation.
Further characterization
Analysis of the purified [35S]methionine-labelled particles by scintillation spectrophotometry and the Lowry method suggested that approximately similar quantities of virions and L particles were produced during infection and this was confirmed by particle counts (Table 1) .
Scintillation spectrophotometric analysis of [3H]thymidine-labelled particles confirmed that the virions (H particles) contained the genomic DNA and suggested that the L particles did not; the small amounts of DNA associated with the L particles almost certainly resulted from 0.1 to 0-5~ cross-contamination with H particles (Table 1 ).
The infectivity to particle ratio of the H particles confirmed that they are infectious virions while the much lower ratio associated with the L particles originating from the same infected cell population suggested that L particles were not infectious but merely contaminated with low levels (about 0-1 ~) of virions.
Thus these results indicate that the culture medium of HSV-1-infected cells following virus replication contains similar amounts of the two types of particles, H particles which are the familiar infectious HSV virions, and L particles which clearly represent a new type of HSVspecified entity that contains neither capsid nor viral DNA and is not infectious.
Polypeptide composition
The polypeptide compositions of [35S]methioninelabelled H and L particles were analysed by electrophore- sis using 10~, 12~, 15~ and 18~ polyacrylamide gels crosslinked with DATD. Here we describe only the major polypeptide bands which were consistently observed in several independently grown and purified preparations. Both H and L preparations additionally contained minor bands which require further investigation.
The polypeptide profiles of H and L particles on a 10~ polyacrylamide gel showed that the most significant polypeptides common to both particles were the 273K, 82/81K, 65K and 40K polypeptides, and two diffuse areas of overlapping bands with approximate Mrs of 134K to 123K and 63K to 60K (Fig. 3) . Several other polypeptides (l15K, 108K, 69K, 46K, 44K and 42K) were also observed in both particles.
The H particles also contained several polypeptides which were apparently absent from the L particles, namely two of the major capsid proteins (155K and 37K), and polypeptides of 143K, 104K, 86K, 56K, 54K and 50K. Furthermore, the H particles contained relatively larger amounts of the 69K polypeptide than the L particles, indicating either that larger amounts of this polypeptide are incorporated into the H particles, or that one or more polypeptides unique to this particle comigrate with the 69K polypeptide.
In addition to the polypeptides common to both particles the L particle also contained at least three additional polypeptides (175K, 92K and 55K) which were either absent from or present in much lower quantities in the H particles.
Electrophoresis using polyacrylamide gels of higher concentration revealed further information about the polypeptide composition of the two particles (Fig. 4) . The H particles were shown to contain a further polypeptide (I17K) which was not detected in the L particles. In 10~ and 12~ gels this polypeptide apparently comigrates with the 123K glycoprotein, but appears as a separate band in the 18 ~ gel. Furthermore, the 37K polypeptide band of the H particles appears to separate into two approximately equal components in the 15 ~ and 18 ~o gels. Similarly, the 92K polypeptide of the L particles partially resolved into two bands on the 18~ gel. Higher concentration gels also resolved many polypeptides below the 37K doublet, including two major species of 14K and 6K; the 6K polypeptide was present in both particle preparations, whereas the 14K polypeptide was confined to the H particle preparation [the 14K polypeptide is likely to be the 10K virion phosphoprotein encoded by gene US9 as described by Frame et al. (1986b) ]. Since the L particles do not contain the viral capsid the polypeptides common to both particles should be tegument and membrane proteins. Some of them are components of the tegument [273K, 82/81K, 65K and presumably the 40K polypeptide (McLean et al., 1990) ]; the 134K and 123K bands (which presumably are composed of glycoproteins gB, gC, gG and gH) and polypeptides of 63K and 60K (presumably gD and pgD) are known to be components of the viral envelope (Spear, 1985; Marsden, 1987; Dargan, 1986) . However, the 4) were analysed by electrophoresis on (a) 10~ and (b) 18~ polyacrylamide gels. Lanes 1 and 3, H particle preparations; lanes 2 and 4, L particle preparations.
precise locations of the others (115K, 108K, 69K, 46K, 44K, 42K and 6K) are not known. Similarly, the polypeptides unique to the L particles (175K, 92K and 55K) are presumably tegument or membrane-associated proteins. Only two of the unique polypeptides of the H particles (155K and 37K) are at present known to be components of the capsid. There is as yet no evidence to show that any of the others (143K, 117K, 104K, 86K, 56K, 54K, 50K, 14K and possibly the 69K polypeptide) are part of this structure, although capsid proteins of 50K and 12K have been reported (Cohen et al., 1980) . A further observation is that the 37K polypeptide of the H particles resolved into two components in the 15 ~ and 18 ~ gels.
Phosphoproteins
Particles were labelled with [32p]orthophosphate and analysed by PAGE (Fig. 5) . Using a 10~ gel (a), polypeptides 273K, 82/81K, 65K and 40K were shown to be phosphorylated in both types of particle preparation. In addition, the three polypeptides of the L particle (175K, 92K double band and 55K) were also phosphorylated. These particles also contained 4) were analysed by etectrophoresis on a 10~ polyacrylamide gel. Lanes 1 and 3, H particle preparations; lanes 2 and 4, L particle preparations.
two phosphorylated polypeptides of 134K and 60K. Trace amounts of these two phosphopolypeptides were also observed in the preparation of H particles. The migration patterns of these two phosphorylated polypeptides on an 18~o gel (b) may be different from the 35S-labelled 134K and 60K polypeptides. This gel also showed that the 14K polypeptide of the H particles was phosphorylated as previously observed (Frame et al., 1986b) .
Thus the major components of the tegument (273K, 82/81K, 65K and 40K) are phosphoproteins. Besides these, only one of the polypeptides (14K) present in the H particle is phosphorylated. However, we do not know whether this polypeptide is part of the viral capsid. Significantly, the three polypeptides of the L particles (175K, 92K double band and 55K) were also phosphorylated. We are uncertain whether the 134K and 60K glycoprotein bands of the L particles are themselves phosphorylated or whether the glycoproteins merely comigrate with the 134K and 60K phosphoproteins.
Glycosylated polypeptides
Particles labelled with [3H]mannose were used for the identification of glycosylated polypeptides (Fig. 6) .
Results indicate that the 134K, 123K, 63K and 60K polypeptides represent the major glycoproteins in both H and L particles. The particles also contained other polypeptides which were labelled to some extent. Of these, the most noticeable were the 82/81K, 69K, 40K and 273K polypeptides. Diffuse bands of labelled materials were also noticeable in both particles above the 82/81K bands. Besides these polypeptides the two major capsid proteins (155K and 37K) of the H particles appeared to be labelled to a very slight extent.
Thus preparations of both particles appeared to contain the same major (134K, 123K, 63K and 60K) glycoproteins. Although there were several other polypeptides which were labelled to some extent with tritiated mannose, further work will be required to establish whether these are also glycosylated or merely unspecifically labelled as a consequence of partial metabolism of mannose. Precise immunological identification of the major glycoproteins was considered not necessary for the purpose of this communication.
1980). Recent studies by other groups with monoclonal antibodies indicate the presence of Vmw175 in HSV-1 particle preparations (Bibor-Hardy & Sakr, 1989; Yao & Courtney, 1989) . However, our observations suggest that the presence of this protein in preparations of extracellular virions might be explained by the presence of contaminating L particles.
As far as we can ascertain this is the first description of a light HSV particle. Although Irmiere & Gibson (1983) recovered a light non-infectious enveloped particle from the culture medium of tissue culture cells infected with human strains of cytomegalovirus, this particle differs from the L particle of HSV-1 since, although it lacks the viral DNA, it possesses a core structure. The production of various non-infectious light particles may be a general feature of the growth of Herpesviridae.
If L particles can be completely separated from infectious virions they could be used as a potential vaccine, as they have many proteins in common with virions and should provoke a strong immune response. The lack of DNA in such particles would eliminate the possibility of oncogenicity or latency.
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Discussion
During velocity gradient purification of HSV-1 two distinct particle bands were obseryed, the upper band containing L particles and the lower band containing H particles. Detailed examination showed the H particles to be HSV-1 since they possess the characteristic morphology, protein composition, DNA content and infectivity of HSV virions. The L particles are novel virus-like entities which lack the nucleocapsid and the viral DNA of virions and are not infectious. However, the L particles cannot simply have been formed by the exclusion of the nucleocapsid during virion formation or subsequent loss of the nucleocapsid following particle assembly, since they possess five phosphoproteins (175K, 134K, 92K, 60K and 55K) which are absent from virions. The presence of these phosphoproteins indicates significant differences in the generation or assembly of the virions and L particles, the study of which may advance our knowledge regarding the growth of HSV in infected cells.
One of the L particle phosphoproteins, 175K, may be the immediate early regulatory protein Vmw175 (ICP4) which has an apparent Mr of 175000 and is phosphorylated (Pereira et al., t977; Preston, 1979; Wilcox et al., 
